West Carney Field produces from Hunton Formation. All the wells produce oil, water and gas.
Results and Discussion
One of the unique aspects of West Carney Hunton Formation (WCHF) is its geological complexity. Although the field appears hydrodynamically continuous, geologically, it is highly heterogeneous. We would like to reconcile our dynamic and petrophysical observations with the geological model in this Budget Period. We have started describing new cores towards that effort. The preliminary analysis indicates that the geological depositional model is significantly more complex that envisioned earlier. Some of this complexity may help us explain the unusual production characteristics observed in the field.
Another unique aspect about this reservoir is that large amount of water needs to be produced before we can produce significant quantities of oil and gas. We have hypothesized the elements of success of such reservoir. We, however, need to prove this hypothesis by testing it against large amount of data available from the field (WCHF) as well as other fields producing from the Hunton formation. We have started collecting data from other fields, and will soon begin to analyze the data.
Objectives
The main objectives of the proposed study are as follows:
• To understand and evaluate an unusual primary oil production mechanism which results in decreasing (retrograde) oil cut (ROC) behavior as reservoir pressure declines.
• To improve calculations of initial oil in place so as to determine the economic feasibility of completing and producing a well.
• To optimize the location of new wells based on understanding of geological and petrophysical properties heterogeneities.
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• To evaluate various secondary recovery techniques for oil reservoirs producing from fractured formations.
• To enhance the productivity of producing wells by using new completion techniques.
These objectives are important for optimizing field performance from West Carney Field located in Lincoln County, Oklahoma. The field, which was discovered in 1980, produces from Hunton Formation in a shallow-shelf carbonate reservoir. The early development in the field was sporadic. Many of the initial wells were abandoned due to high water production and constraints in surface facilities for disposing excess produced water. The field development began in earnest in 1995 by Altex Resources. They had recognized that production from this field was only possible if large volumes of water can be disposed. Being able to dispose large amounts of water, Altex aggressively drilled several producers. With few exceptions, all these wells exhibited similar characteristics. The initial production indicated trace amount of oil and gas with mostly water as dominant phase. As the reservoir was depleted, the oil cut eventually improved, making the overall production feasible. The decreasing oil cut (ROC) behavior has not been well understood. However, the field has been subjected to intense drilling activity because of prior success of Altex Resources.
In this work, we will investigate the primary production mechanism by conducting several core flood experiments. After collecting cores from representative wells, we will study the wettability of the rock and simulate the depletion behavior by mimicking such behavior under controlled lab conditions.
Another difficulty in producing from the Hunton Formation is the inability to correctly predict the well locations. At present, the locations of wells have been determined in a haphazard manner without significant geological consideration. To develop the entire field, it is imperative that the depositional model be clearly understood and quantified. This can be done by collecting core samples, running modern imaging logs and describing the geological facies in some detail.
This will allow us to quantify the geological model, enabling a geostatistical description of
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West Carney Field is at the end of an exploitation phase. All the wells are under primary production. However, the pressure in the reservoir is decreasing and eventually some additional mechanism will have to be used to recover the remaining resources. For proper exploitation of the reservoir, it is best that we examine alternate methods of secondary recovery. One possible method we are going to investigate is huff-n-puff of gas injection. We will investigate both CO 2, methane and flue gas as possible injection fluids.
The overall project goal would be to validate our hypothesis and to determine the best method to exploit reservoirs exhibiting ROC behavior. To that end, we have completed the Budget Period I
and have fulfilled many of the objectives. We have developed a viable model to explain the reservoir mechanism and have been able to develop a correlation between core and log data so that we can extend our analysis to other, yet unexploited, regions. In Budget Period II, we will continue to drill several additional, geologically targeted wells. Depending on the depositional system, these wells can be either vertical or horizontal wells. We will closely examine the secondary recovery techniques to improve the ultimate recovery from this field. In the mean time, we will continue to refine our geological and petrophysical model so that we can extend our approach to other adjacent fields. In the Budget Period III, we will monitor the field performance and revise and refine our models to further optimize the performance.
To ensure that the technology developed in this project is communicated to a wide cross-section of interested individuals, we will undertake an aggressive technology transfer program. This will include publishing and presenting papers at various technical meetings, publishing a semiannual newsletter and conducting technical workshops for small operators and independents at the beginning of Budget Periods II and III.
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Summary of Technical Progress
The summary of progress is divided into three sections. The first section discusses the field activities. The second section discusses the Geological progress and third section provides engineering progress.
Field Activities
The field activities continued during this period. The field is being developed rapidly; Marjo
Operating Company drilled three additional horizontal wells during this period. In addition to drilling new wells, the production from the existing wells is being carefully monitored.
Geological Analysis

James Derby
In Budget Period I we described 14 cores and outlined an "Island model" of a field created by a high standing "island" of the Cochrane Limestone, surrounded by a younger dolomite reservoir unit, the Clarita Formation. (Figure 1 ) Distal to the field we postulated a carbonate mudstone facies based on well-log and preliminary core data. This simple picture is complicated by recognition of two phases to the Cochrane. The older unit, the Lower Cochrane is present throughout the field and appears to be present in the western, thicker part of the limestone facies at positions stratigraphically (and paleotopographically) higher than the younger Upper
Cochrane and Clarita formations. The Upper Cochrane, overlain by Clarita dolomite, was identified in only two wells in the eastern part of the field. Clarita was positively identified in dolomite facies in one well west of the western thick Lower Cochrane wells. These stratigraphic units are positively identified by paleontologic age determination, specifically by conodonts.
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Figure 1
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We now have 28 cores, 26 in the field and 2 from outside the field, that provide critical regional stratigraphic information. A major part of our effort to date, since the beginning of work in BPII, is compiling the data on all 28 wells, transporting the cores to the site for description, and taking of samples for analysis and thin sections. The data management is summarized on the attached well summary tables. ( Table 1 & Table 2 ) The University of Strat Position is footage above or below (-) the Hunton/Sylvan contact at 4878.3, core depth; log base is 4865, 13.3 ' correction. TS = Thin Section of this sample "Zone" = "Zones" 1-5 of of simplified conodont zoanation adopted for this study
Depth CONODONT SAMPLES-CHANDLER SWDW
[On log-plots, enter the top or "To" depth]
Note : Lithology is limestone, unless mentioned otherwise
Our preliminary interpretation during Budget Period I was that the shaly intervals represented the Prices Falls Member of the Clarita Formation ( See Figure 1) . This is simply not true in the organic rich shales. My preliminary hypothesis is that these interbedded sequences are off-bank condensed sequences representing both highstand (dark, laminated, organic-rich shales) and lowstand (light-colored, burrowed, local "birdseye" calcite) depositional environments. In terms of the facies zones described by Stanley (2001) , these would be Zones 1 and 5. (Figure 4) However, the spatial distribution of the facies in the WCHF area suggests that a modified platform model, as opposed to a ramp model, may be more applicable to WCHF (See Figure 5 ).
In 
Figure 4
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Figure 5
The Cal has not yet been analyzed, however its position relative to the West Carney SWDW #1
suggests that the core is in the Lower Cochrane interval. The shaly nodular limestone facies is probably a deeper-water facies , analogous to facies zone 5 of Stanley, 2001 , (see Figure 4) The University of Tulsa 14 DE-FC26-00NT15125
7 June 2003 deposited during the initial flooding event and prior to establishment of the Lower Cochrane grain -supported carbonate bank that grew to over 100 feet in thickness less than 1 mile away.
Clearly the depositional model, and therefore the diagenetic model, for WCHF is being continuously modified as new data is obtained.
Engineering Analysis
Manas Gupta and Mohan Kelkar
We have fairly good understanding of how and why oil and gas are produced from West Carney Hunton Field. We believe that the successful ingradients for producing oil and gas from watered out reservoir include:
• Heterogeneous reservoir characteristics. More heterogeneous the reservoir, more likely that oil and gas will be trapped after water influx
• Low porosity. Lower the porosity, higher is the probability of trapped hydrocarbon saturation
• Moderate and/or limited aquifer. The aquifer strength has to be limited to be able to reduce the pressure in the reservoir
• Oil wet characteristics. More oil wet the reservoir prior to water invasion, more is the amount of trapped hydrocarbons.
This model is based on intuitive understanding as well as field observations. We need to provide statistical and physical basis for this model. In addition to applying certain statistical tests to the log and core data collected in WCHF, the analysis needs to be extended to other yet unexploited areas, where several additional wells can be drilled which can be either vertical or horizontal wells.
To further extend our analysis, Log and DST data has been collected which includes wells drilled in the Lincoln County, Seminole County, Pottawatomie and Hughes County. Log data for 290 wells have been collected which includes 11 Townships. 
Log data collected includes the Neutron and Density Porosity Logs, Deep, Medium and Shallow
Resistivity Logs and SP Logs. Along with the log data, DST Data for 340 wells has also been collected for wells drilled in these 11 Townships.
In the next quarter, the Log Data will be digitized, so that Statistical Analysis can be done to 
Conclusions
Based on the work done in this report, the following conclusions can be drawn:
• Based on the descriptions of new cores in the field, the earlier geological model needs to be revised. We are currently in the process of describing the new cores as well as conduct additional conodont studies to finalize the revised model.
• We believe that the main ingradients of a successful de-watering project include heterogeneity of the reservoir, low porosity, wettability of the rock, and the strength of aquifer. We need to validate our hypothesis by applying to the WCHF as well as surrounding fields in Hunton formation. Note: Formation assignments based on conodont analysis as of 6-22-03 and are subject to modifications as more data is obtained.
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